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Abstract — Enabling end-to-end Quality of Service (QoSand the OSGi Service Platform [2]. The platform is unique in
in the home network will push emerging services such asway that it is automatically deployed on already established
iDTV and pay per view to an acceptable and guarantegdSGi enabled home networks and consists out of a generic
user experience. Currently used QoS solutions in the wit#>nP utility framework that supports dynamic deployment,
area network can not be used in the home network. Thienfiguration and rapid development by composition of UPnP
home network management becomes a more challenging tdekices and services for the OSGi Platform. Furthermore
since it's changing drastically from a pure PC only to a multa unique Wireless QoS Protocol [3] that can be used in
device, multi user network. In view of the complexity and trimmbination with 802.11e [4] has been developed.
error proneness to manage these networks, this challengifbe next section describes a use case that shows the need for
task should clearly be shifted from the residential user QoS in the home network and presents the architecture of the
the service provider and / or the connecting provider .Thignd-to-end solution. The third section describes the chosen
paper presents a management platform for enabling end to estdandards and protocols, while the fourth section describes
quality of service implementing the UPnP QoS Architectutbe UPNP QoS Architecture mapping with our Wireless QoS
specification, based on a dynamic UPnP utility framework fd?rotocol. The fifth section presents the UPnP utility framework
the OSGi Service Platform. which facilitates rapid UPnP device development within the
OSGi Service Platform.
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2 Use case
1 Introduction 2.1 Introduction

Broadband internet, WiFi, mobile devices and new excitinghis use case addresses the autonomous delivery of multime-
services such as interactive Digital Television (iDTV) or payia content to a home network terminal. Clearly without QoS
per view are among the new technologies that are key factgfifarantees, multimedia service execution will be jeopardized.
in pushing the intelligent home networks to a new level. Figure 1 displays the use case setup, showing the main
broad audience is becoming aware of the new possibilities ﬁhtjeracting parties.

the time where domotica equaled controlling lights or room@ontent Provider The content provider offers some sort of
temperature is long over. content in the form of multimedia streams. Important functions
Managing all those technologies and devices can be a dauniéugh as indexing and streaming requests are exposed to clients.
task which should not be the responsibility of the end user, lRémote Management ServefThe role of the remote manage-

of the devices themselves. Technologies should be kept secutient server is to control the residential gateway. It exposes an
devices should be self configuring and services interoperalilsterface to the content provider for configuring the home net-
Service discovery protocols such as Jini or UPnP are in plagerk, for example for providing QoS for a certain multimedia
to facilitate interoperability and self configuring networksstream.

Furthermore a residential or home gateway enables serviResidential Gateway The residential gateway sits on the
providers to perform external and additional configurationedge between the wide area network (WAN) and the local
The gateway should be extensible so later additions, farea network (LAN). It can be accessed from both the WAN
example services or software updates, are easily deployedand LAN side, therefore it is a good candidate to deploy
In this paper we present an innovative platform that bringsew services, in addition to performing standard functions
a fully integrated end to end solution for deploying QoS ifFirewall, NAT, etc.).

the wireless home network. This platform combines seveitdbme DeviceHome devices reside in the home network and
leading standards and technologies, such as Web Services ctrebe anything from desktop PC’s over set-top boxes to PDA's
TR69 communication protocol, the UPnP QoS Architecture [Hnd smart phones.



case. The UPnP QoS architecture as well as the UPnP de-
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1 ployment is described in detail the fourth section.

7 @ Figure 2 displays a simplified sequence diagram of the use
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3 Technical Analysis

It is assumed that each home device supports the UPnP QoS

2.R t .
e o Architecture and that the user uses a standard web browser
stream X to select the multimedia stream from a website. Based on

Residential Gateri;:zfer that selection the content provider negotiates with the remote

/' management server to get a lease on the required bandwidth
S'Q'\gz”fi?e for the duration of the stream. The stream can be uniquely

stream X identified by the gateway’s IP and port number. Furthermore

it requests the opening of the gateway’s firewall for that port.

The negotiation should be standardized for example through

web services or TR69 [5], which is a prime candidate to

succeed SNMP [6] and is heavily supported by the DSL

Forum [7]. TR69 foresees a yet to be defined north-bound

interface, especially for those purposes.

Before the remote management server can set the requested

bandwidth and firewall rules, it checks if the residential

gateway supports UPnP QoS at its LAN side, using TR69. If

that's not the case, the UPnP QoS bundles are automatically

2.2 Operation provivisioned by the management server. This way they can

be easily pushed and deployed on the gateway.

When the content provider receives a request to streamQas on the LAN side is only useful if QoS is also guaranteed

movie, it knows the duration and the bandwidth it needst the WAN side too, but that's considered outside the scope

to provide a good user experience. It asks the remote maf-this paper since there are existing solutions.

agement server of the residential gateway to reserve the

necessary bandwidth. The remote management server analyse

the request and forwards it to the residential gateway whic fJPnP QOS

is responsible for setting up the QoS within home networﬁ. 1 UPnP QoS architecture

Once the setup is completed and the necessary bandwidth'is

reserved, the media stream starts to play. In order to standardize the way QoS streams are set up

Since the bandwidth is guaranteed for the media stream, otA8fl managed inside a home network, the UPnP forum has

traffic such as a file transfer will not interfere with the streanféleased the UPnP QoS architecture specification. The UPnP
QoS architecture consists of three elements (services) as shown

Internet

Home Network

Fig. 1. use case setup
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The QoS Policy Holder is the repository of the QoS policy for
a given LAN. It is configured by the user and allocates traffic

Fig. 2. use case sequence diagram g
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The QoS Manager is the central part of the UPnP QoS Home Gateway | Client
framework. All QoS Device and QoS Policy Holder services |
are discovered and controlled by this Manager. As shown in
the figure, QOS requests/releases are sent to the QoS Manag:
through a Control Point. This Control Point offers users and
applications an interface for the QoS Manager. All interaction
with the QoS Manager should happen through the Control
Point.

The QoS Device service is responsible for managing a network
device’s resources. So the service provides a link between ¢

+—Tr“afﬂc Stream

. 802.11 Devi
QoS capable network device and UPnP. | 1BoN oS Access Poiny Traffi Stream———1 " (1BcN Qos Client)
|

802.11 Device

[1] Application request QoS stream
4.2 UPnP QOS deployment [2] Control point forwards request to QoS Manager
[

Deployment of the UPnP involves two steps. First, all devices 3] QoS Manager contacts QoS Policy Holder
in the home network need to be discovered, and for each  [4] QoS Policy Holder returns the traffic policy
discovered device, the UPnP QoS Device Service should be  [5] QoS Manager configures devices on the path
added. This could be done using OSGi QoS Device bundles ~ [0] Qo8 Device configures the 802.11 device
using the UPNP utility framework to enhance an existing UPnP [;] iontlr_(’l tl_jomtt;;mrﬂris St;tus to application
Device with the new deployed service. Of course depending on [8] Application starts the stream

the device type, wired or wireless, different implementations

should be pushed. Furthermore special implementations are Fig. 4. UPnP QoS control flow
required for wireless access points and the residential gateway

itself. Secondly the control point should be deployed some-

where in the home network. bucket system. It enforces bandwidth constraints throughout
] ] the whole wireless network. This way bandwidth guarantees
4.3 UPnP QoS implementation can be met and stations cannot saturate the network. The

To test the UPnP QoS architecture in a real life environmef¥0tocol runs on top of Layer 2 and can thus be used in
we implemented the model architecture in OSGi. On tf@mbination with 802.11e.
residential gateway, an OSGi bundle is deployed which encap-

sulates a QoS Policy Holder, a QoS Manager and two Q ; ; g
Devices. A second OSGi bundle implements a QoS Contr? Dynamic UPnP Device composition

Point. This _Contrc_)l Point exposes the QoS Manager functiogg,l OSGi based UPnP utility framework

as an OSGi service, so that it can be used by other bundles.

Every client in the Residential Network has a QoS DevicEhe OSGi Service Platform specification offers a model for
service. dynamically composing software applications or services and
The QoS Manager keeps track of all QoS streams currendyecommended section called the UPnP Device Service Spec-
active in the network. It is responsible for setting up new Qdfication which defines the UPnP Base Driver [8].

streams and maintaining old ones. This can be updating néhe base driver allows OSGi services to be made available
QoS streams, or removing them if their QoS lease time expir@s networks with UPnP enabled devices. By implementing
Closely connected to the QoS Manager is the QoS Conttbe proper OSGi interfaces one can easily create a UPnP
Point. As stated before, this is an OSGi bundle that offee®mpatible device, yet all implementations share the same
an interface to other bundles in the OSGi framework. Ttadructure. There is a root device, some embedded devices,
interface takes user-friendly parameters, such as destinagome services, state variables and actions. Only the actions
IP address and source IP address of the stream, instead ofcretain non standard methods to be invoked when the action
UPNP defined XML Traffic Descriptors. is called.

The first Residential Gateway QoS Device sets the corrébthen a UPnP device is implemented and deployed, it cannot
ToS value in the IP header on the packets received from the altered or dynamically composed anymore and thus losing
internet. This ToS field will be used by other devices in thde key success factor for the OSGi Service Platform. For
network to differentiate traffic streams. The QoS Device al®xample, if a device does not support UPnP QoS, it would
implements a Diffserv mechanism for upstream traffic. Thifave to be completely reengineered because there’s no easy
for example, allows feedback packets from the digital TV tway to add the UPnP QoS Service to the already existing and
skip packets from a big FTP upload. deployed device.

All other QoS Device services (client QoS Device and secofidherefore, an architecture was developed to allow for dynamic
Residential Gateway QoS Device) are mapped on our owPnP device updates. The architecture will be discussed in the
Wireless QoS Protocol. This protocol is based on a tokemxt section.



5.2 UPnP utility framework architecture class which is responsible for the action invocation behavior

. , . : should be extended. The default behavior returns the default
To optimally reuse and benefit from the OSGi Service Platform . . :
- alue for the UPnP State Variables (if any). This means that
a UPnP utility framework was developed. The framewor

works in combination with the OSGi UPnP specification. Tha UPnP Device can be created without actually having to

- . Implement the device’s actions.
utility framework contains two packages. ) . . .
A second way to implement actions is specifying a UPn-

The first one extends the OSGi UPnP specification interfaclg . . . . :
. : ctionCustomizer which will only have the invoke method
by adding setter methods. These new interfaces allow more

- . ) nd is used in the same way as the serviceChanged
flexibility and post deployment configuration of the UPn method within the ServiceTracker and ServiceTrackerCus-
device or UPnP service. The defined interfaces are backw?rg . . :

mizer model. Multiple actions can be supported by only one

compatible so that implementations can be used transparenu)é . L o . . L
. customizer, centralizing the specific device service behavior in
by the base driver.

. . . one place.
Zzggrﬁlse t\(je:;\ed;s;vm:gteg:iecsé sUcZT]sze\S;th ezndwi?ﬁr\gg%sch UPNnP Device, Service, lcon, State Variable or Action

could be implemented and deployed in a loosely coupled way.

new actions. This allows a user to manage his UPnP devi %Stmg technologies, like ServiceTracker, ServiceBinder [9]

in a flexible way. Adding or removing devices, services an%r e_clarative Services can _be used to bind th_e different parts.
actions requires no new UPnP device implementation. onsider, for ex_ample, havmg a bundle that |mplement_s the
UPnP QoS Service. By deploying and exporting that service in
the OSGi framework registry, already deployed UPnP Devices
can pick up and integrate the new QoS service, without having
Igso.upnpiramework.service to be redesigned or reconfigured.

extends the org.osgi.service.upnp packages and allows
changing the UPnPDevice, UPnPService, ... at runtime

services at run time. Or services can be extended by add

org.osgi.service.upnp package

-

j’

5.3 UPNP device generation

UPnPActionCustomizer
UPnPDevice

The architecture describe above allows for easy and fast

UPnPActionExten '
UPnPActionAdaptor

|

code is reduced to a minimum: only an Activator and one
InvokeCustomizor per UPnP Service are generated.

4{ UPnPDeviceExtensian—|
-] UPnPsenvice | UPnPDeviceAdaptor P UPNP device implementation. Because this implementation is
] UPnPServiceExtengian—1 straight forward, the process can be automated. We developed
] UPnPlcon \ URDREERiceadapioy F a UPnP device generator to make UPnP device development
4{ UPnPIconExtensipe | even faster.
- UPnPstatevariable | SRR SR % The generator uses the UPnP XML device description to
1| UPnPStateVariable Exiension generate Java source code. This source code can be compiled
L UPnPAction ‘ UPnPStateVariableAdaptor }— . . .
— and packaged directly into an OSGi bundle. The generated

The adaptor classes provide default If a user wishes to add functionality to his UPnP Device,

i implementations for each UPNP component he will have to alter the generated InvokeCustomizor code.

This is very easy, since there is one block per UPnP Action.

To create a UPnP Device : So to implement these actions, the user would just fill in the
1. Instantiate or select an already in the OSGi corresponding code blocks.

framework available instance of an Adaptor class,
2. Group statevariables and actions into services,

3. Group services, icons and embedded devices into 6 ConCIUSion
devices.
To change the default behavior of an action, either : In th_is paper we presented an end-to-end solution for bringing
- Extend the UPnPActionAdaptor class and overwrite quality of service to the wireless home network, based on
the invoke method the combination of state of the art technologies, including

- Set the UPnPActionCustomizer object for the

UPrPActionAdaptor our unique Wireless QoS Protocol. These technologies were

exploited to their fullest potential to obtain a truly dynamic and
automated user friendly platform. This platform guarantees a
zero touch configuration and a guaranteed user experience.
Furthermore, our UPnP utility framework can be used to
Secondly, since the structure of a UPnP device or servitapidly develop dynamic extendable UPnP devices and ser-
doesn’t change, it makes good sense to provide adaptor classess for the OSGi Service Platform.

that implement the defined interfaces. The adaptor classes Eamally, an OSGi based UPnP utility framework was developed
be used unmodified or certain methods can be overriddentdo assist in dynamic composition of UPnP Services and
specify special behavior. Especially the UPnPActionAdapt@revices.

Fig. 5. UPNP utility framework



7 Future work

The UPNP utility framework can be further equipped with a
policy manager which manages how devices are composed and
what UPnP Services should be included in which devices.
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